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[57] ABSTRACT 

A control system and method for acquiring and providing 
backup power to a plurality of distributive communication 
devices using a single DC APS system is described. The 
control system comprises a controller that senses the DC bus 
voltage of each distributive communication device con- 
nected to the controller, and controls the output of an 
auxiliary power source such as a DC generator, fuel cells, or 
any other suitable DC backup power source that is con- 
nected to the controller. The controller further comprises one 
or more switches which selectively connect each of the 
distributive communication devices to the APS in manner 
that prevents power surge currents. The controller further 
comprises a blocking diode to prevent ground loops between 
the co-located cabinets, and diodes to isolate each of the 
co-located cabinets power and ground. 

7 Claims, 6 Drawing Sheets 
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AUXILIARY POWER SOURCE CONTROL Accordingly, there is an imaddressed need in the industry 

SYSTEMS AND METHODS for a system and method for efficiently providing power to 

co-located installed concentrator cabinets during periods of 

CROSS-REFERENCE TO RELATED AC power failure in a cost effective manner. 

APPLICATIONS 5 

„ r SUMMARY OF THE INVENTION 
This application claims benefit of co- pending U.S. Pro- 
visional Application No. 60/053397, entitled "Auxiliary The present invention, as described below, overcomes the 
Power Source Control Systems and Methods", filed Jul. 22, deficiencies in the industry as described above and as is well 
I997 known to those skilled in the art. Particularly, the present 

10 invention provides control systems and methods for acquir- 

FIELD OF THE INVENTION ing and providing backup power to a plurality of distributive 

~ . ii i * . i- communication devices using a single DC APS system. The 
The present invention generally relates to auxiliary power A , A , . . • ? • . 
4 r % . , , ; 4 , c -i- control system of the present invention comprises a control- 
systems, and more particularly, to the control of auxiliary ' . lt r . - u 

c « • -f . c , . / ler that senses the DC bus voltage of each distributive 

power sources for the distribution of backup power to 7^ " ""7. tav,u ~: _ 

j* . ■ - - , - 15 communication device connected to the controller, and 

distributive communication devices. , * ... * 

controls the output of an auxiliary power source such as a 

BACKGROUND OF THE INVENTION DC generator, fuel cells, or any other suitable DC backup 

. , . - . , . . . power source that is connected to the controller. The con- 

As a result of the information revolution, communication tmller fmtiia one or more which 

systems are rapidly evolvmg to the extent that their con- M mmxct cach of ^ ajarf^^ communication 

stantly changing state has become the norm Vast distribu- devices to the APS in manner that prevents power surge 

uon networks have been deployed by tbe telecornmumca- ^ ^^Uct further comprises a means to pre- 

taons industry and the cable telev^on industry to provide veDt d , between me co-located cabinets, and 

point-to-point and pomt-to-multipoint communication inter- means t() eacb of ^ ^.^^ power ^ 

connections with subscribers. As consumer-onented multi- 25 __ u . 

media services such as the Internet and high resolution , , ... . , . • ^ 

television are being deployed, these distributive communi- Id accordance w,tii an aspect of the present invention a 

.„ , a j*u u*j method for attaching any auxiliary backup DC power supply 

cations networks are conngured to be more robust and , - , . - * >, • r 

. jt • * . „ . , . , , . » or source used to provide power during an AC or primary 

dependable, especially in rural areas where dependable f , , , . i 

r . , / . ,/ , . , r power source outage to co-located telecom electronic 

service has historically been less critical. -wi . • . , . , „ , ... 

/ t . . . . cabinets, huts, vaults, or etc. is provided. Such method does 

Integrd to most of the network implementations which M direcU each , e telecommunication elec- 

are well known in the industry is the use of distributive cabinet=s> hut=s> vau ] t=s> or e tc ground or power 

communication devices such as, but not limited to the busses togelner . Such metbod utilizes blocking diodes and/ 

following: digital loop earner* pairgains, concentrators, or conteitols or relays to ue coated , e i eC ommu- 

muhiplexers, remotely located cabmets, outside plant 35 nica ,ions electronic cabinets, huts, vaults, or etc. 

modules, repeaters, nodes, base stations, optical network , , . , . . 

units, soneti and subscriber loop carriers. For purposes of . ,n f^oidmcc with ****** «pect of the present 

this disclosure, a distributive communication device can be mvenU0D ' a , method for n**"* anv auahary backup DC 

generally described as any active or passive component in a P ower "I* or ^ t0 P rovlde Power during an AC 

Communication network that is remotely located with 40 °r prmiary power sour« outage to co-located telecommu- 

respect to a head end/or central switch device, and which mca,,on 6lcctro ° K: hu f- ™"}*' ot cXc ' f tcvCDts 

• r t . c to. r 11 * surge currents between the co-located telecom electronic 

requires power for the operation thereof. The following . ? . . „ , 

discussioTwiU be directed primarily to the concentrator = abme ^ hu ^ va ^ ts ' 1 or etc " 71,6 ^ <™ te arc ^ 

cabinets used by tbe telecommunications industry to provide b * ™ ch le ecommunKatKjn electromc cab.neb 

nrvro / 1 • 1 j . 1 . \ • huts, vaults, or etc. voltage is slightly different, and a direct 

POTS (plain old telephone system) services. « . , . s , . . , 

, . , "... . . connection of approximately zero ohms may create large 

In the telecommunications industry, concentrator cabinets ^ ^ Such melbod ^ prevent 

are utilized Ito perform mulUplexmg and de-midtiplexing ^ me aux0i backu DC 

funcuons Tliese cabinets are provided with alternating so^^ppiy eac h of the co-located telecommunication 

current (AC) power which js converted to direct current ^^J^,^ ^ vaults , or etc . due sIi ^ t ^ 

(DC) power for use by the electronics enclosed in the 50 ^jj^^ vo j ta ^ 
cabinets. For robustness, these cabinets are provided with 

backup power sources in case of an AC power failure. The BRIEF DESCRIPTION OF THE DRAWINGS 

backup power sources usually comprise float charged DC m . . , , 

batteries that typically have a limited backup time of f The P resei * ™ ^ n be bet * r UD , deistood ^ 

between 1-10 hours. For remote locations where longer 55 f fcrcncc 10 ^ ^wing drawings- Hie elements of the 

backup times arc desirable, electromechanical long-term DC ^ n f X f l ^ y 10 ^ Cm ? baS ? 

backup systems such as DC generators, fuel cells, or kinetic P laced «P<>n Nearly illustrating the principles of the 

energy storage devices are provided. These electromechani- ?™* ai mvenUon^Furthennore, like reference symbols des- 

cal devices are typically referred to in the industry as ^"espondmg parts throughout the several views, 

auxiliary power sources (APS) systems. These DC APS 60 P 10 * 1 15 a schematic illustration of a backup power 

systems are typically permanently installed at the concen- control system in accordance with the present invenuon for 

tration cabinet. Because of network design and expansion, a providing backup power from an auxiliary power source 

plurality of concentrator cabinets may be installed at a single 0^) to a plurality of distributive communication devices; 

site, each having its own dedicated DC APS system. FIG. 2 is a schematic illustration of the distributive 

However, this redundancy of DC APS systems for 65 communication device of FIG. 1; 

co-located concentrator cabinets is unnecessary and waste- FIG. 3 is a schematic illustration of the controller of FIG. 

ful. 1 in accordance with the present invention; 
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FIG. 4 is a schematic illustration of an alternative coo* is predetermined by or based on various factors such as the 

figuration for connecting the distributive communication highest temperature backup batteries, pre -set values, or 

devices to the APS bus in FIG. 3; remotely configurable values. 

FIG. 5 is a flowchart of the operation of a backup control With reference now to FIG. 2, an illustrative example of 

system in accordance with the present invention; 5 a typical cabinet 16 that is used in a telecommunications 

™™ ^ * , * n . • « network is provided. The cabinet 16 comprises a direct 

FIGS. 6A and 6B are schematic illustration of a ground current ^ 30 lhat converts AC power from an 

loop in a backup power control system in accordance with cxt cmal source into DC power which is provided to the 

the present invention; and electronics load 32 (e.g., a telecommunications switch such 

FIG. 7 is a schematic illustration of a backup power 10 as a PBX). In addition, backup batteries 34 are provided as 

control system in accordance with the present invention with a backup power source, as is well known in the industry. The 

blocking diodes to prevent ground loop current and isolate power hue 23 is connected to the bus 26 of the cabinet 16 

the power busses of co-located cabinets. for conducting power from the APS 14 during AC power 

failures. The current flow on the bus 26 is monitored by 
15 current lines 20, 20", 20*" (identified by reference numeral 
20), of the respective distributive communication devices 

The present invention will be described herein with 16. 

reference to its application in a telecommunication network With reference to FIG. 3, an illustrative example of an 

such as that used to provide plain old telephone system implementation of a controller 12 in accordance with the 

(POTS) service. It is noted, however, that the present inven- 2 o present invention is provided. The controller 12 includes a 

tion has application in numerous other communication net- microprocessor 40, and a plurality of relays 42 which are 

works as will be appreciated by those skilled in the art. In the respectively associated with lines 23', 23", and 23 tn . In 

context of a telecommunication network, the distributive addition, a plurality of analog-to-digital (A/D) converters 44 

communication device is a concentrator cabinet ("cabinet"). and a digital-to-analog (D/A) converter 46 are provided. 

The present invention provides for soft switching from the 25 The microprocessor 40 includes the control logic for 

backup battery source of a cabinet to an auxiliary power controlling the operation of the present invention, preferably 

source (APS) in a manner that prevents undesirable power m the form of program code that is stored in a memory 

surges. Thus, a plurality of cabinets can share a single APS associated with the microprocessor such as a flash ROM or 

that is proximately located with respect to each of the an EEPROM. An external communication link (not shown) 

cabinets. Therefore, a relatively low cost auxiliary power 30 may be provided to the controller 12 in order to update or 

source can provide backup power to a plurality of cabinets modify the control logic of the microprocessor 40, as is 

in a remote or rural area. commonly known with telemetry devices. The microproces- 

With reference to FIG. 1, an auxiliary power control sor 40 controls the operation of the APS 14 via the control 

system 10 in accordance with the present invention com- line 24 and the D/A converter 46. The output voltage of the 

prises a controller 12, an APS 14, and a plurality of dis- 35 APS 14 can be selectively connected to the cabinets 16 by 

tributive communication devices 16 (i.e., cabinets), only me respective relays 42, trie operation of which is controlled 

three of which are illustrated for purposes of brevity. The by the microprocessor 40. Further, the microprocessor 40 

controller 12 monitors the current flow in the power buses of monitors the voltage on the power line 22 via the A/D 

each of the cabinets 16 via the respective current lines 20', converter 54. The voltages on the current lines 20', 20", 20'" 

20", 20'" in order to detect an AC power failure that would 40 are measured by the respective op amps 56, the outputs of 

cause the battery backup associated with a distributive which are fed to the A/D converter 58. The outputs of the 

communicative device to begin to provide power to the A/D converter 58 are provided to the microprocessor 40. 

electronics thereof If a power failure is detected, the con- In an alternative configuration for connecting the distribu- 

troller 12 actuates and the APS 14, and controls the output tive communication devices 16 to the power line 22, the APS 

voltage of the APS 14 via the control line 24. Once actuated, 45 14 provides power to the distributive communication 

the controller 12 monitors the power output of the APS 14 devices 16 via a switch 57 and respective diodes 59, as 

on the line 22 which can be selectively connected to one or illustrated in FIG. 4. If an AC power failure occurs at any 

more of the cabinets over the respective power lines 22', 22", one of the distributive communication devices 16, or any 

and 22'". The controller 12 actuates and the APS 14 and distributive communications device's DC voltage falls 

controls the output voltage of the APS 14 via the control line 50 below a preset value (usually 2.16 volts per cell) indicating 

24. a rectifier voltage sag or failure, the controller 12 detects the 

Therefore, in accordance with the present invention, the power loss on the respective current lines 20 (FIG. 1) 

controller 12 is able to control the output voltage of the APS associated with that distributive communication device 16, 

to match the bus voltage of the respective cabinets 16 as as discussed above. The controller 12 then activates the APS 

each cabinet 16 is sequentially connected to the APS 14. In 55 14 and brings it to a steady state of operation. Once the bus 

a preferred embodiment, the controller initially matches the voltage of the APS 14 has stabilized at or below the lowest 

APS output voltage to the lowest cabinet bus voltage, and bus voltage of the connected distributive communication 

then connects the APS 14 to the cabinet 16 with the lowest devices 16, the switch 57 is actuated, thereby closing switch 

bus voltage so as to ensure a soft (i.e., low current) switch 57. This connects the APS 14 to the distributive communi- 

from the battery backup of the cabinet 16 to APS 14. The 60 cation devices 16 though no power flows to the distributive 

controller then matches the APS output voltage to the next communication devices 16 until the respective diodes 59 

lowest cabinet bus voltage so that cabinet can be connected become forward biased. It should be noted that if more than 

to the APS 14. In sequential fashion, the controller 12 one distributive communication device 16 encounters an AC 

continues to connect the cabinet with the next lowest bus power failure, as is commonly the case, the controller 12 

voltage until each cabinet experiencing a power failure has 65 brings the APS bus voltage on power line 22 up to or just 

been connected to the APS 14. The controller 12 then below the lowest bus voltage of the connected distributive 

provides power to each of the cabinets 16 at a voltage that communication devices 16. 
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Id addition, blocking diodes 61 can be provided on the stabilized, as detected on power line 22 via the A/D coo- 
respective ground lines interconnecting each of the distribu- verter 54, the microprocessor 40 closes the relay 42 asso- 
tive communication devices 16 to the auxiliary power source ciated with that cabinet 16, thereby connecting the cabinet 
14. The blocking diodes 61 isolate the power and ground, 16 to the APS 14 via the associated power line 23. 
which is desirable for reasons which are well known to those 5 Because me outout volt of me aps 14 m6 me bus 
of ordinary skill in the art, including the prevention of vo[ of ^ cabinet 16 ^ ^anlizMy equal, the tran- 
undesirable ground current*. , , . u „ sition from the backup battery 34 to the APS 14 is a soft 

Once the APS 14 bus voltage has stabilized and switch 57 switch ^ Qls mmnl s to me electronics load, 

has been closed the controller 12 incrementally mcreases Th e ability to provide a soft switch from the backup batteries 

the APS bus voltage at an appropriate rate to a final bus 10 to the APS 14 is extremely important because slight vari- 

voltage or final current value^ which is P^fined as the anccs in mc voUa crcate mto mc aps 

operating value of APS 14 Tne diodes 59 wiU be reverse gcncrator or ^ thc backup baltcrics 34 which may causc 

biased during the period when the APS bus voltage ls less d to ^ clcctrooics load 32 . u ^ that camtA 

than the respective bus voltages on ones 23', 23", and 23". flow (oleranoes m me cabinet 16 not exceed 0 .1 amps 

Once the APS bus voltage be^mes higher than the voltages 15 durin a from batt backu to ^ aps 14 . 

on respective lines 23\ 23", and 23 m , then the diodes 59 * L1 t , r t . ^ . 

become forwards biased and are conductive, insuring that no ^e lowest bus voltage of a cabinet 16 is matched 

surge currents occur while switching from battery to APS an f c f ab L me A l " * oonncct f d to ^ 14 > ou ^ ut 

backup power supply. Al that point the APS 14 begins vo ^ of f ^ ^ " " to match thc ~* l A ° west bus 

supplying power to the associated distributive communica- ^ ™J ta SP of a cabinet 16 that has experienced an AC power 

tion device 16 for operation thereof and for recharging the f * flure > * °f eX3St ° nce that K bus voltage has been reached, 

associated batteries 34 (FIG. 2). Note that the diodes typi- me relav 42 ^ mat K cabm * 16 1S l , closed ' !° 

cally become forward biased when the bus voltage for a to ^ " t0 ^ ^ met * ™ 1116 

distributive communication device 16 drops below the P ower bne ™ indicaled bv block 70 * 

operation voltage of the APS 14 due to the discharge of 25 Next, at block 72, it is determined if another cabinet 16 

batteries 34 which are powering the distributive communi- has experienced an AC power failure in the interim. If so, 

cation device 16 during an AC power outage. ^ n the cabinets that have been acquired are dropped and 

Accordingly, this configuration replaces the relays 42 me acquisition process of steps 64-70 are repeated so that 

with the switch 57 and diodes 59. Consequently, this con- me experienced the power failure after the 

figuration requires fewer components and less complexity in 30 P rooess be S an * acquired m accordance with the process 

operation since the only control required is the setting of the described above, as indicated by block 74. It is then deter- 

initial APS start voltage and the actuation of the switch 57. mmed at block 76 mat aU me cab"** 16 have been 

Whereas the previous configuration for connecting the dis- acquired. If they have not, the next lowest bus voltage of a 

tributive communication devices 16 to the power line pro- cabinet 16 * matched b y mc ^ S 14 50 mat cabinct 16 can 

vides for connecting the APS 14 and selectively powering 3s be connected to the APS 14 in a soft switch. Once all the 

only those distributive communication devices that require cabinets 16 experiencing a power failure have been 

power due to single phase AC voltage loss or a single acquired, the process ends. 

distributive communication device's rectifier failure, the In the backup power control system of the present 
configuration illustrated in FIG. 4 provides for the supply of invention, consideration should be given to the potential 
power to any distributive communication device 16 which 40 problem of ground loops. Particularly, if all the resistances 
has a bus voltage below the APS output voltage. are not balanced, which they seldom are, then current may 
With reference to FIG. 5, the operation of the auxiliary Sow in the ground loop because of the mismatched rcsis- 
power control system 10 is described. In operation, the tances. This is schematically illustrated in FIGS. 6 A and 6B. 
controller 12 monitors the bus voltage of the cabinets 16 that ln FIG. 6A is a exemplary diagram of two distributive 
are connected to the controller 12 for an AC power failure, 45 communication devices 82, 84 connected to an APS 86 in 
as indicated by block 60. This is identified by a change in accordance with the present invention, and FIG. 6B is a 
polarity of the voltage on current lines 20. Once an AC m ore generalized illustration of the circuit of FIG. 6A that 
power failure is detected at block 62, the microprocessor 40 schematically shows a ground loop 88. Because each of the 
identifies which of the cabinets 16 are experiencing a power ground lines 90 have a discernable resistance that varies 
failure and in what sequence to acquire those cabinets 16, as 50 according to the respective length and material of the ground 
indicated at block 64. The sequence is determined in hoe, the different resistances create a voltage difference that 
advance because it may take several minutes for the APS 14 results in current flow. As a result, the control circuitry such 
to actuate and attain a steady state output voltage. During as controller 12 (not shown for purposes of brevity) is unable 
this time, the backup batteries 34 will be powering the to accurately control the operation of the distributive corn- 
respective cabinets 16, and due to numerous factors such as 55 munication devices 82, 84 and the APS 86 due to the 
temperature, state of charge, flow voltage, discharge current, additional current flow, as would be recognized by those 
etc., the backup batteries 34 may dissipate power at different skilled in the art In addition, it is well known that ground 
rates. By monitoring the rate of dissipation of the bus loo P voltage can be a cause of noise in a communications 
voltages of the cabinets 16 over a discrete period of time, the system, and therefore, is undesirable, 
appropriate sequence for acquiring the cabinets 16 can be 60 Consequently, to overcome the potential problem of 
determined. In the preferred embodiment, the cabinets are ground loop current, a blocking diode 94 can be added to 
connected to the APS 14 in order from lowest bus voltage to each ground line 90, as shown in FIG. 7. Therefore, each 
highest Thus, the APS 14 is activated upon detection of a distributive communication device 82, 84 has a blocking 
power failure and is brought to a state of operation at the diode 94 that substantially prevents the flow of ground loop 
lowest bus voltage, as indicated by block 68. Note, the 65 current. While there is the possibility that the blocking 
controller 12 controls the operation of the APS 14 via control diodes 94 may become forward biased and begin to conduct 
line 24. Once the output voltage of the APS 14 has ground loop current, the voltages on the ground lines 90 
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would have to be at least approximately 0.7 volts for 
conventional diodes which is highly unlikely, and with a 
proper design of the system would be virtually impossible. 
Thus, the respective grounds for the distributive communi- 
cation device are essentially isolated from the one another, 
eliminating problems with ground loop current. 

In the drawings and specification, there have been dis- 
closed typical preferred embodiments of the invention and, 
although specific terms are employed, they are used in a 
generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
following claims. 

Wherefore, the following is claimed: 

1. An auxiliary DC power source control system for 
distributing backup power from an auxiliary DC power 
source to a plurality of distributive communications devices 
operable with DC power, comprising: 

switch means that are selectively actuated for indepen- 
dently connecting said auxiliary DC power source to 
each of said distributive communications devices; 

detection means associated with each distributive com- 
munications device for detecting a DC bus voltage of 
each distributive communications devices; and 

a controller for controlling operation of said switch means 
based on the DC bus voltages detected by said detec- 
tion means so that in case of a power failure said 
distributive communication devices that are experienc- 
ing a power failure are sequentially connected to said 
auxiliary DC power source from a lowest DC bus 
voltage to a highest DC bus voltage. 

2. The system of claim 1, wherein each said switch means 
comprises a relay associated with each of said distributive 
communication devices, and that is independently controlled 
by said controller. 

3. The system of claim 1, wherein each said switch means 
comprises a switch that connects said distributive commu- 
nication devices to said auxiliary power supply via respec- 
tive power lines, wherein each said power line includes a 
circuit diode for independently conducting current to said 
associated distributive communication device if a voltage of 



10 



said auxiliary power supply is approximately greater than a 
bus voltage of said associated distributive communication 
device. 

4. The system of claim 1, wherein said controller com- 
5 prises a microprocessor. 

5. The system of claim 1, further including a shared 
ground line from said auxiliary power supply to each of said 
distributive communication devices, wherein said ground 
line includes a blocking diode at each of said distributive 
communication devices for preventing ground loop current 
flow. 

6. A method for distributing backup power from an 
auxiliary DC power source to a plurality of distributive 

15 communication devices operable with DC power, compris- 
ing the steps of: 

monitoring DC bus voltages on each of the distributive 
communication devices for detection of a power fail- 
ure; and 

20 if a power failure is detected in one or more of the 
distributive communication devices, performing the 
steps of: 

identifying the distributive communication devices that 
have experienced a power failure, and determining a 
sequence for acquiring the distributive communication 
devices from the lowest DC bus voltage to the highest 
DC bus voltage; and 
connecting the distributive communication devices to the 
30 auxiliary DC power supply in the sequence determined, 
wherein for each distributive communication devices 
connected, the DC voltage of the auxiliary is substan- 
tially matched to the DC bus voltage of that distributive 
communication device. 
35 7. The method of claim 6, further including the step of 
dropping the acquired distributive communication devices if 
during said step of connecting distributive communication 
devices to the auxiliary power supply a new distributive 
communication device experiences a power failure. 
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